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DIATOM FLORISTICS AND SUCCESSION IN A PEAT BOG NEAR LILY LAKE,
SUMMIT COUNTY, UTAH
Shobha A.

Jatkar,'

Samuel

R. Rushforth,'

and Jack D. Brotherson'

Abstract.— Diatoms from core samples obtained from the edge of Lily Lake, Summit County, Utah, were studied.
cm of the core and niche metrics of the important species were analyzed. This study demonstrates four periods of history in the lake as mirrored by the diatom populations. The first period was mesotrophic
graded
into an acidic, dystrophic period which in turn yielded again to a mesotrophic alkaline
and alkaline. This
period. The most recent period can be characterized by a return to dystrophy.
Populations from each 15

Paleodiatomological investigations report-

tions she

ed to date are generally based on core samples either from marine or lake sediments,
and a relatively large literature is extant on
this subject. However, fossil diatom studies of
bogs are relatively rare. We believe the present study represents the first detailed account
of fossil and living diatoms from bog samples
within the Great Basin of western North
America.
Most bogs in high mountain regions are
formed by hydrarch succession following glaciation. Such bogs are generally acidic, highly humic, and poor in nutrients. Because of
these specific
tinctive

features,

in biotic

bog

floras

concluded that recent changes in
were more or less due to the

the diatom flora

use of part of the drainage basin for agricultural purposes.

Weaver (1948) studied the diatom flora
from acidic Lakeville Bog, Indiana, where he
observed freshwater sponge spicules and no
diatoms in sediment layers below 6.9 meters
from the surface. He found maximum diatom
populations in layers between 4.5 and 3.3 m
and very few diatoms between 3.3 m and the
surface. He found species of Pinnularia,
Gomphonema, and Eunotia indicative of dystrophy between 4.5 and 3.3 m below the
sediment surface. From these observations he

are dis-

composition. In addition,

inferred that during

its

early history, the lake

factors,

bog de-

was deep,

posits often contain fossil or subfossil

diatoms

Certain sponges tolerant of oligotrophic conditions grew well in the lake during this time.

first bog study in America was that of
Lewis (1863) based on a marshy area around

Later the lake became richer in nutrients and
diatoms became more prevalent. It was concluded that this lake changed from oligotrophic to dystrophic during its history.
Reimer (1961) studied the diatom flora of

due to high acidity and other

an excellent state of preservation.

in

The

a shallow

pond

in

Notch Valley

in the

White

Mountains of New England. He observed
many diatoms and desmids in his samples and
drew conclusions on the relationship between
the flora and geology of the area.
Patrick (1943) studied Linsely Pond, Connecticut, and observed significant changes in

clear,

and poor

in nutrient content.

Cabin Creek raised bog, Indiana. He
found that centric diatoms were absent and
only active motile diatoms were present. According to Reimer this was possibly due to
the greater adaptability of motile as opposed
to nonmotile forms. He found very few Nitzschia species and an abundance of Cymbella
alkaline

the diatom flora at different depths. The
maximum number of diatoms, but with a low
species diversity, occurred at a depth of 12

m. Species diversity increased between 12
and 9.6 m. Shallow water or littoral forms occurred in sediments from 8.4 to 6 m, but the
best developed planktonic flora was observed
at 5.1 m. Based on these and other observa-

leptoceros.

From

these

and other observations

he inferred that Cabin Creek raised bog exhibited oligotrophic conditions.

Collingsworth,

Matthew,

and Collins
Montcalm

(1967) observed at Vestaburg Bog,

'Department of Botany and Range Science, Brigham Young University, Provo, Utah.
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County, Michigan, a good preservation of diatoms to 14 m below the bog surface. They
found a gradual increase in the diatom population from a depth of 7 m to the surface and
speculated that this lake must have been oligotrophic
later

when

it

originated by glaciation,

becoming eutrophic, and

finally dystro-

phic.

Very few paleodiatomological studies have
been made in Utah. Patrick (1936) collected
sediment samples from various regions of the
Great Salt Lake using a Musselman Peat
Sampler. She identified and prepared a list of
diatoms collected from each section. Based

upon

species present, she described the habi-

tat of

deposition for each core (especially the

salinity)
tions.

and inferred past ecological condi-

Patrick inferred that a freshwater lake
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Geneva Works
is

of United States Steel,

1

which

located on the east shore of the lake, has

had a major

effect in bringing about changes
water chemistry of the lake. From these
and other observations he inferred that Utah
Lake is progressing from a deep water mesotrophic system to shallow water eutrophic.
According to Bolland, this is mainly due to
industrial development in the surrounding
area and the inflow of large amounts of sewage into the lake.
Several reports have been published on
in

and floristic surveys of
Moimtain region of Utah. Atwood
(1909) has given an account of glaciation of
the Uintas and the formation of many potgeological, ecological,

the Uinta

hole lakes in this region. Norrington (1925)
surveyed the algal flora of several mountain

formerly occupied the region where the
Great Salt Lake occurs now. The findings of
fresh and brackish water diatoms supported
her conclusion that swamps existed here in

lakes

Pleistocene or early Post-Pleistocene times.

some unusual

Lake Bonneville (the fresh water lake formerly occupying this region) gradually became more and more saline due to evaporation and lack of drainage. A marine diatom
flora was never established in the lake, even
though the lake went through a stage when
the salinity was the same as normal marine
waters. Patrick found no living diatoms in the
most saline parts of the lake. However, she
did obtain a few living diatoms from river
deltas and areas surrovmding brackish marshes where the salt concentration was not as

Mirror Lake was surveyed by Snow
and Stewart (1939). Stutz (1951) studied some
Uinta Mountain lakes from a floristic point of
view. He performed analyses of pH, moisture
content, and organic matter content from
several lake sediments. Hay ward (1952) conducted ecological studies in the Uinta Moun-

high as in the lake proper.

Hasler and Crawford (1938) studied fossil
diatoms in samples from Lake Bonneville
marl sediments and foimd 16 genera and 27
species of diatoms. These authors drew few
ecological conclusions from their data but inferred that Lake Bonneville was saline during

some portion

of the deposition period.

Setty (1963) studied fossil diatoms of the
Pleistocene lacustrine sediments of Bonneville Basin.

He

a systematic

found 126 taxa and presented
and paleoecological discussion

of these diatoms.

Bolland (1974) studied diatom deposits in a
m core from Utah Lake, Utah. He
observed 155 diatom taxa and studied succession through the core. By analyzing chemical
and successional data, Bolland concluded that
single 5

and streams of the Wasatch and Uinta
Ranges and discussed some ecological aspects
of this flora. Cottam (1930) surveyed the
flora of the Uinta Mountains and discussed
features of this area.

The

algal

flora of

tains

and

listed the characteristic

plants of

the ponds and surrounding zones. Christensen

and Harrison (1961) studied the ecology of
flowering plants and gymnosperms at Lily
Lake. Vincent (1963-1964) provided information on the location, area, and depths of
100 Uinta Mountain lakes and included infor-

mation on

Coombs

fish

(1964)

productivity of these lakes.

made

a floristic and ecologi-

cal survey of the algae of the

western Uinta
Mountains and adjacent areas. He also gave a
short geological account of the area. Palmer
(1968) provided a floristic and ecological survey of the algal flora of Lily Lake. Firmage
(1969) studied the flora and conifer succession of a few lakes and ponds in the Trial
Lake region. Hansen (1971) published a review article on the developmental history of
the Uinta Moimtains. Lawson and Rushforth
(1975) studied the diatom flora of the Provo
River, Utah. They found 225 taxa, many of
which were observed in the Uinta Mountain
region.
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Lily Lake Diatoms

were
and characterize all
fossil and living diatoms from Lily Lake; and
(2) to determine if the pattern of diatom succession would illuminate the developmental
history of this and similar Uinta Mountain
bog lakes.

The

objectives of the present study

twofold:

(1)

to identify

Study Area

Our

were performed on samples
Sphagnum bog on the
edge of Lily Lake in the Uinta Mountains,
Summit County, Utah. Lily Lake is representative of the many Sphagnum moorland lakes
in the subalpine zone of these mountains.
Moorland lakes, according to Tanner's (1931)
system of classification, are characterized by
Sphagnum banks, mucky bottom, and a constudies

collected from an acid

stant surface level

throughout the year. Lily

Lake demonstrates

all

of

these

character-

17

content, and

its water contains low levels
oxygen and nutrients. An excellent preservation of diatoms was noted for specimens
collected down to 4 m below the bog surface.
Third, due to its unique geological and geographical setting the area has been influenced by several factors, including glaciation to form lake basins, hydrarch succession
to fill such basins, the admixture of southern
and northern vascular floristic elements (Cottam 1930), etc. The present study was undertaken to shed light on these factors as well as
to serve as a taxonomic and ecological dia-

al

of

tom

survey.

Geology
The Uinta Mountains are in northeastern
(Fig. 1). They consist of a single range
of peaks, extending west to east from Kamas
Utah

Snake River Valmountain
range is about 240 km long and about 56 km
wide. If the crest line of the range continued
westward, it would cross the Wasatch range
of Utah at nearly a right angle and reach the
Great Bonneville Basin a few kilometers
south of Salt Lake City. These two ranges are
Prairie, Utah, to the Little

ley in northwestern Colorado. This

istics.

Lily Lake is about 34 km northeast of
Kamas, Summit County, Utah. It is about 1
km west of the larger Trial Lake at an elevation of 3,280 m. It has a surface area of 1.2
ha and a maximum depth of 5 m (Vincent
1963-1964). Access to this lake is by foot
trail from Trial Lake.
The annual snow fall in this area is around
189 cm (Whaley and Jones 1977). Snow usually persists until July and therefore the area
is inaccessible for up to eight months a year.
Lily Lake is surrounded by a sedge meadow
which occurs in the peat soil. Spaghnum
moss is the most important component of this
meadow. Near the shore of the lake, pure
stands of

Sphagnum

common. A dense

are

(->';*
Provo
^

U

Uinta Mts.

growth of the water lily Nuphar polysepahim
(Engelm.) Green covers much of the lake surface.

Lily

Lake was selected

for the present in-

vestigation for several reasons. First,
accessible for

much

of the year

and

in-

it

is

is

away

i£

from a main road. In addition, the area has
been set aside as a botanical station for Brig-

ham Young

University.

Thus, the area re-

mains largely imdisturbed by human activities, thereby avoiding soil erosion and

UTAH

intermixing of the fossil flora. Second, this
lake represents a typical acid bog type lake

(pH = 4.5 to 5.5) in the Uinta Mountains. It
has acidic, organic sediments with low miner-

Fig. 1. Map of Utah showing the location of the
Wasatch and Uinta Mountains.

separated by approximately 16 km. The
strata of the Uinta Mountains are of about
the same composition as the rest of the Cordillerean system to which they belong (Forrester 1937). In contrast to the remainder of
the Cordillerean system (including the Rockies on the east and Pacific ranges on the
west) which lie north-south, the Uinta Mountain range is oriented east-west. These mountains represent the only major east-west
mountain chain in North America. The Uinta
Mountains are also unique since they show an
absence of igneous activity (Emmons 1907).
The lowest point of the Uinta Range is
1,816 m above sea level at Hailstone Junction. The highest point is 4,114 m at King's
Peak. The range descends very abmptly at its
west end and rather gradually on the east. As
noted by Cottam (1930) the range has a large
radiating surface which forms a highly dissected

dome

of great surface area.

receives a large

amount

The area

of precipitation

and

has relatively high temperature conditions

which allow

for the

growth of good quality

timber.

Many geologic features are evident in the
Uinta Mountains due to active glaciation at
different times in the history of the range.
The oldest formation exposed is a PreCambrian quartzite which forms the major
constituent of the range. This quartzite is
represented chiefly by dark red sandstones

which become more and more compact toward the west. In the western half of the
range, dark purplish red quartzite predominates. Interstratified layers of argillaceous shales and coarse grits are common.
In the coarser beds there

is

considerable ad-

mixture of broken feldspar crystals. The argillaceous beds are of greenish or brownish
color and are up to 30 m thick in many
places.
lie
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Cambrian rocks

(the Tintic Quartzite)

unconformably over the Pre-Cambrian.

Comformably overlying

the Tintic Quartzite

the Ophir Shale. A well-defined angular
unconformity representing an extensive erosional interval occurs between Cambrian

is

rock and the overlying Mississippian limestones. The sediments overlying the Mississippian limestones are Pennsylvanian quarwhich in turn are overlain
tzites,

conformably by Park City (Permian) rocks.
Triassic rocks in the Uinta sequence are rep-

resented by Woodside

Shale,

the Thaynes

Formation, and Ankareh Shale. At the top of
the Triassic sequence the Triassic-Jurassic
Nugget Sandstone is present. Wherever it is
exposed, the cross-bedded, wind-laid Nugget
is an excellent horizon marker throughout
the Uinta Range. Conformably overlying the
Nugget Sandstone is the Twin Creek Formation (Jurassic). The Morrison Formation, tentatively placed in the upper Jurassic, is well
exposed along the flanks of the range. Cretaceous Mesaverde, Frontier, and Mancos
formations overlie the Jurassic. Wasatch
(Eocene) sediments, where exposed, lie unconformably on the Mesaverde and older formations. Along much of the north flank of
the range, the Green River and Bridger formations (Eocene) are the lowest Tertiary
sediments exposed. Duchesne River (Oligocene) sediments are not found on the north
flank of the range but are prominent along

much

of the south slope. Pleistocene glacial

and debris cover much of the underlying
structure in the Uinta Range, and it is often
difficult to separate these late deposits from
drift

older Tertiary sediments.

As reported by Atwood (1909)

all

the

larger canyons have a characteristic U-shape

due to glaciation. Their upper portions have
been well cleaned by the ice, but the middle
and lower portions often contain heavy morainic

deposits.

which the

The

floors

formed are

of the basin in

m

above 2,743
but there is no sign of ice on the flanks of the
range even at the 3,048 m level.

Atwood

ice

all

(1909) also presented evidence of

two separate epochs of glaciation.
The earlier epoch was presumably the longer
because the ice of that epoch was thicker and
extended farther down the canyons. About 30
major glaciers occurred in this earlier epoch
and about 39 in the later epoch.
at

least

Glaciation often has a great influence on
drainage systems. The hundreds of lakes and
marshes in the Uinta Moimtains indicate that
the drainage has been greatly modified by
the ice. The area is drained by many streamlets which feed into the Bear River draining
northward, the Weber River westward, the
Provo River southwest, and the Duchesne

River and Rock Creek southeast. Among
these mountains, there are now more than
550 glacial lakes (Atwood 1909). Lily Lake is

Jatkar et
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lakes.
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There were many more

lakes at the close of glaciation, but since then

succession has progressed to completion in

many

to create
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Lily Lake Diatoms

meadows.

Methods
Samples were collected in October 1975
from the northeast side of Lily Lake using a

Niche breadth and niche overlap values
were obtained (Colwell and Futuyma 1971)
for the prevalent species.

A

cluster analysis

based on the niche overlap of the.se species
was then performed (Cody 1974).
Where possible, the pH preference and
saprobien spectrum for the diatoms encountered in this study were determined. This information was tabulated and plotted.

m

core was taken and subpeat borer. A 3.76
sampled every 15 cm. Two samples of the
living flora were also collected, including one

from the water of the lake and the other
from the mucky bottom and moss at the edge
of the lake. All samples were examined in the
field and their color and organic content recorded.

The samples were transferred

to clean

Samples
were brought to the laboratory and refrigerated until further processing. A small quantity of material from each sample was boiled
in concentrated nitric acid, and permanent
diatom slides were prepared by standard
methods (St. Clair and Rushforth 1977). Diatoms were mounted in Hyrax mounting mebottles,

glass

labeled,

and

sealed.

Results

Discussion

Taxonomy
The 157 diatom

taxa encountered in this

study are arranged systematically in the following section. Measurements of length and
(or diameter), number of striae, and
number of costae are given for each taxon
when applicable. A brief discussion of the

width

distribution

and maximum

of each taxon

relative frequency

given. References to detailed

is

descriptions for each taxon are provided.
slides upon which these determinawere made have been deposited in the
Brigham Young University collections.

The

tions

dium.

Diatoms were identified under lOOOX oil
immersion using a Zeiss RA microscope.
Counts of at least 400 diatom frustules were

made

for all

Number

sample depths except

for

sample

from the bottom of the core,
which contained few diatoms.
The absolute and relative density for each
species at each sample depth was computed.
Species diversity values were also calculated
for each sample using the Shannon-Weaver
(Shannon and Weaver, 196.3) formula. Re1

analyses

gression

of

floral

diversity

versus

sample depth were conducted using standard
statistical methods.
Similarity indices between all samples in
study were calculated (Ruzicka 1958),
cluster analysis (Sneath and Sokal 1963)
based upon similarity indices was performed.
the

and

-

The most important species in each of the
groups delineated by cluster analysis were
determined using PxF indices (percent frequency times average percent density; Warner

and Harper

A

list

selecting

more

1972).

was prepared by
species present in 30 percent or

of prevalent species

of the samples.

Coscinodiscaceae
Melosira dickiei (Thwait.) Kutzing: Valve
diameter 6-15 punctae scattered in central
region. (Hustedt 1930:86). Frustules were
present throughout the core though their
;

percent frequency was low. It constituted 2
percent of the total diatom population from
150 to 135 cm.
Melosira distans (Ehr.) Kutzing: Valve diameter 12-17 jLim; striae punctate, 10-15 in
10 jum (Hustedt 1930:93). It was scattered in
core samples only from 360 to 225 cm. The

maximum number

of frustules

was observed

samples from 360 to 330 cm.
Melosira distans var. pfaffiana (Reinsch)
Grunow: Valve in girdle view 7 jum long, 6
jum wide, striae 15 in 10 jum. (Hustedt
1930:93). Frustules were very rare and unein

venly distributed in the core.
Melosira granulata (Ehr.) Ralfs: Valve in
girdle view 7-17 jum long, 5-16 jum wide;
striae

10-15

in

10 /xm; spines 10 in 10

jtim

were
scattered throughout the core, they were
most common from 180 to 75 cm. They ex(Hustedt

1930:87).

Though

frustules

20
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hibited great variation in size and especially
in size of punctae.

Melosira italica (Ehr.) Kiitzing: Valve in
view 10-14 jum long, 10-15 jum wide;
striae 18-20 in 10 jum (Hustedt 1930:91).
girdle

Frustules were present from 360 to 345 cm
but only very rarely observed in samples
from other depths. It constituted 4.2 percent
of the diatom population at 345 cm.
Cyclotella antiqua W. Smith: Valve diameter 22 jum; striae 14-20 in 10 fxm (Hustedt
1930:102). Frustules were only rarely observed and usually broken. A single entire
specimen was observed in a sample from 270
cm.
Cyclotella catenata Brun: Valve diameter
17 jum; striae about 10 in 10 jum (Hustedt
1930:108). A single frustule was observed at
120 cm.
Cyclotella comensis Grunow: Valve diameter 8 ]u,m; striae 20 in 10 pun (Hustedt
1930:102). Only one unbroken specimen was
observed at 105 cm.
Cyclotella kiitzingiana Thwaites: Valve diameter 14-15 jum; striae 9-10 in 10 jum (Hustedt 1930:98). Frustules were present from
210 to 45 cm. The maximum number was observed in samples from 180 cm and 105 cm

where they constituted 2.6 percent of the diatom population.
Cyclotella meneghiniana Kiitzing: Valve
diameter 8-8.5 /xm; striae 14-20 in 10 jum
(Hustedt 1930:100). Frustules were very rare
and were observed only in samples from 280
to 255 cm. Their maximum percent frequency was 0.4 percent at 255 cm.
Cyclotella striata (Kiitzing) Grunow:
Valve diameter 25 jum; striae 8-10 in 10 [xm
(Hustedt 1930:101). A single specimen was
observed at 150 cm.
Stephanodiscus astrea var. minutula
(Kiitz.) Grunow: Valve diameter 12-18 jum;

up to 15 in 10 jum (Hustedt 1930:110).
It was observed in samples from 360 to 135
cm. The maximum number of frustules (1.2
percent) was observed at 180 cm.
striae

1

Stephanodiscus niagarae (Ehr,) Grunow:
Valve diameter 28-38 jum; striae 10-15 in 10
(Cleve-Euler 1951:53). Frustules were
very rarely observed. The maximum number
was found in samples from 180 cm, where

jLtm

they constituted 0.6 percent of the diatom
population.

Coscinodiscus odontodiscus Grunow:
Valve diameter 26-27 jum; striae 16-17 in 10
jum (Cleve-Euler 1951:59). Frustules were observed from 210 to 105 cm. The maximum
relative density was 0.6 percent in samples
from 120 cm.
Coscinodiscus rothii (Ehr.) Grunow:
Valve diameter 27 ]u.m; aerolae about 16 in
10 jum (Hustedt 1930:112). A single specimen
was observed at 120 cm.

Fragilariaceae
Tabellaria fenestrata

(Lyngb.)

Kiitzing:

Valve 25-51 jum long; 5-7 /xm wide; striae
20-22 in 10 jum (Hustedt 1930:122). It was
observed very frequently in samples from
throughout the core. The maximum relative
density was 25.7 percent at 225 cm and the
lowest was 0.2 percent at 105 cm.
Tabellaria flocculosa (Roth) Kiitzing:
Valve 13-17 [xm long; 6-8 jum wide; striae
about 18 in 10 jum (Hustedt 1930:123). Frustules were observed from 210 to 30 cm and

The maximum
was 5.6 percent at 30 cm.

also in surface samples.
tive density

rela-

Diatoma anceps

(Ehr.) Kirchner: Valve 24
long by 4-5.5 jum wide; costae 5 in 10
jum; striae 15-20 in 10 jum (Patrick and Reimer 1966:106). It was observed as an entire
specimen only once at 270 cm.
jLim

Diatoma hiemale var. mesodon (Ehr.)
Grunow: Valve 14-15 jum long by 7-8 jum
wide; costae 3-4 in 10 jum; striae about 18 in
10 jum (Patrick and Reimer 1966:108). Frustules were very rarely observed in scattered
samples in the core.

Diatom vulgare Bory: Valve 43-48 jum
long by 12-14 /xm wide; costae 6-8 in 10 jtxm;

Stephanodiscus dubius (Fricke) Hustedt:
Valve diameter 28-35 jum; striae 8-12 in 10
urn (Hustedt 1930:109). Frustules were present from 180 to 90 cm. The maximum number was observed in samples from 135 cm,
where they constituted 2 percent of the dia-

in 10 jtxm (Patrick and Reimer
was observed in samples from
180 to 120 cm. The maximum occurrence
was from 180 cm to 150 cm, where it constituted 3.6 percent and 5.2 percent, respec-

tom population.

tively, of the total

striae

about 14

1966:109).

It

diatom population.

Jatkar et

March 1979

al.:

Lily Lake Diatoms

Diatoma vulgare var. breve Grunow:
Valve 28-32 [xm long by 12 jum wide; costae
7-9 in 10 jum; striae 1-2 between costae (Paand Reinier 1966:110). Frustnles were
in samples from 150 cm only.
Meridion circulare (Grev.) Agardh: Valve
26-28 jLim long by 5-6 jum wide; costae 3-5
in 10 jum; striae 16-18 in 10 jiim (Patrick and
Reimer 1966:113). One or two specimens
were observed in modern plankton samples.
Fragilaria brevistriata Grunow: Valve
20-23 jam long by 3-3.5 /xm wide; striae 14 in
10 jam (Patrick and Reimer 1966:128). Fnistules were scattered in samples from 240 to
15 cm. The maximum relative density of 2.8
percent was from 150 cm.
trick

observed

Fragilaria brevistriata var, inflata (Pant.)
Hustedt: Valve 9-15 jttm long by 4-5 jum

wide; striae 10-14 in 10 jum (Patrick and Rei-

mer 1966:129). pRistules were scattered in
samples from 360 to 75 cm. Their maximum
relative density of 9 percent was at 135 cm.
Fragilaria constricta Ehrenberg: Valve 40
jum long

by 8 jum wide;

(Patrick

and Reimer 1966:122). Frustules

were very rarely observed
165 cm.

striae 18 in

in the

10 jum

sample from

Fragilaria constricta f. stricta (A. CI.)
Hustedt: Valve 24-28 jum long by 11-13 jum
wide; striae 16-18 in 10 jum (Patrick and Rei-

mer 1966:123). Fmstules were rare and observed only from 150 cm.
Fragilaria construens var. venter (Ehr.)
Grunow: Valve 7-10 /xm long by 4-5 /xm
wide; striae 14-16 in 10 /im (Patrick and Rei-

mer

1966:126).

It

the core except in

was abundant throughout
modern plankton samples.

The maximum relative
cent was from 240 cm.

density of 18.4 per-

leptostauron

(Ehr.)

Hustedt:

Valve measurements not obtained (Patrick
and Reimer 1966:124). It was observed as a
single specimen in a sample from 135 cm.
Fragilaria virescens Ralfs: Valve 13-35 /xm
long by 5-10 /irn wide; striae 14-22 in 10 /xm
(Patrick and Reimer 1966:119). Frustules
were abundant in samples from all levels except from 105 to 75 cm and in the modern
plankton. The maximum percent relative
density of 18.4 percent was observed in samples from 195 cm.
Synedra amphicephala Kiitzing: Valve 22
/im long by 3 /xm wide; striae 16 in 10 /xm
(Hustedt 1930:156).
served at 270 cm.

A

single frustule

was ob-

Synedra rumpens Kiitzing: Valve 38 /im
long by 2 /im wide; striae 16-18 in 10 /xm

(Hustedt 1930:156).
served at 270 cm.

A

single frustule

was ob-

Synedra tenera W. Smith: Valve 46-47 /xm
long by 3-3.5 /im wide; striae 22-24 in 10 /xm
(Patrick and Reimer 1966:137). Frustules
were scattered in samples from 180 to 75 cm.

They

constituted a

maximum

of 1.2 percent

diatom population from 135 cm.
Synedra ulna (Nitzsch) Ehrenberg: Valve
6 /tm wide; striae 10 in 10 /im (Patrick and
Reimer 1966:148). No entire frustules were
found, although fragments were observed in
samples from 90 cm.
Synedra species 1: Valve curved, 80-100
/im long, 9 /im wide; axial area distinct, linof the

ear, hyaline; central area absent; striae 18 in

10 /xm, parallel throughout valve. Specific
was not possible

identification of this taxon

and no entire specimens were observed.
Fragments were scattered from 315 to 195

cm

Fragilaria crotonensis Kitten: Valve 43-45
/xm long by 2-3 /im wide; striae 14 in 10 /xm
(Patrick and Reimer 1966:121). Frustules

were rarely observed in samples from 360 to
270 cm. It constituted a maximum of only 0.2
percent of the diatom population.
Fragilaria intermedia Grunow: Valve 39
/xm long by 8 /im wide; striae 11-12 in 10 /xm
(Hustedt 1930:139). A single fnistule was observed at 150 cm.

Fragilaria lapponica Grunow: Valve
19-24 /xm long by 5-6 /xm wide; striae 9-10
in 10 /im (Patrick and Reimer 1966:130).
was observed from 360 to 75 cm.

Fragilaria
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It

with very low abundance.
Synedra species 2: Valve 26-35 /xm long by
2-5 /xm wide; striae 14-18 in 10 /xrn. Frustules were similar to S. capitata in shape but
were smaller. They were scattered in samples
from 240 to 195 cm, where they constituted a
maximum of 0.2 percent of the total diatom
population.

EUNOTIACEAE
Eunotia arcus Ehrenberg: Valve 12-35 /im
long by 4-5 /tm wide; striae 13-14 in 10 /xm
(Patrick and Riemer 1966:212). Frustules
were observed in samples only from the 210

cm

level.

Eunotia arcus var. uncinata (Ehr.) Grunow: Valve 21 jum long by 5 jum wide; striae
about 14 in 10 jum (Patrick and Reimer
1966:213). It was observed as a single specimen in a sample from 270 cm.
Eunotia curvata (Kiitz.) Largest.: Valve
30-32 jum long by 2-4jLim wide; striae 14-15

and Reimer 1966:189).
were scattered throughout the core.

in 10 jum (Patrick

Frustules

The maximum relative density of 6 percent
was observed in modern samples.
Eunotia exigua (Breb. ex Kutz.) Rabenhorst: Valve 12-35 /xm long by 4-5

ju,m

wide; striae 18-20 in 10 jum (Patrick and Reimer 1966:215). It was common throughout
the core and

samples.

Its

was

modern

also observed in

maximum

relative density of 18.4

percent was observed from 60 cm.
Eunotia hexaglyphis Ehrenberg: Valve
35-45 jLim long by 8 jum wide; striae 16 in 10

was obmaxpercent was

jum (Patrick and Reimer 1966:203).

served from 225 to 195

imum
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relative

cm

only.

density of 3.2

It

Its

from 195 cm.
Eunotia incisa W. Smith ex Greg.: Valve
30-33 fxm long by 5-5.5 jum wide; striae
about 19 in 10 jum (Patrick and Reimer
1966:208). It was observed in three distinct
zones from 285 to 195 cm, 60 to 45 cm, and

modern samples. In addition, a single fruswas observed at 360 cm. The maximum
relative density was 2.2 percent at 195 cm.

in

tule

Eunotia lapponica Grunow ex A. Cleve:
Valve about 50 jum long by 6 jum wide; striae
20 in 10 jum (Patrick and Reimer 1966:192).
Frustules were observed from 225 to 165 cm
and from 120 to 15 cm. The maximum numbers were observed from 30 cm, where they
constituted 9.6 percent of total diatom population.

Eunotia maior (W. Sm.) Rabenhorst:
Valve 80-168jum long by 8-14 jum wide;
striae 9-10 in 10 jum (Patrick and Reimer
1966:196). Specimens were rare in the
sample from 180 cm.
Eunotia naegelii Migula: Valve 57 jum
long by 3 jum wide; striae 18 in 10 jum (Patrick and Reimer 1966:190). A single fnistule
was observed in a sample from 60 cm.
Eunotia nymanniana Grunow: Valve 22 /x
long by 3 jum wide; striae 14 in 10 jum (Patrick and Reimer 1966:214). A single specimen was observed in a sample from 150 cm.

Eunotia pectinalis var. minor (Kiitz.) Rabenhorst: Valve 30-32 jum long by 5-6 jum
wide; striae 16-18 in 10 jum (Patrick and Rei-

mer

1966:207). E. pectinalis var. minor

observed

at

285

The maximum

cm and from 60

to

was

45 cm.

relative density of 2 percent

was observed at 60 cm.
Eunotia praerupta var. bidens (Ehr.) Grunow: Valve 60 jum long by 12-13 jum wide;
striae 12 in 10 jum (Patrick and Reimer
1966:194). Frustules were observed only at
210 cm and 60 cm, where they constituted
0.8 percent and 0.2 percent of the total diatom population respectively.
Eunotia praerupta var. inflata Grunow:
Valve 33-53 jum long by 10-16 jum wide;
striae 7-9 in 10 jum (Patrick and Reimer
1966:194). Frustules were scattered in samples from 210 to 15 cm. They constituted 4
percent of the flora at 30 cm.
Eunotia septentrionalis Oestrup: One broken specimen was observed at 135 cm (Patrick and Reimer 1966:212).
Eunotia serra var. diadema (Ehr.) Patrick:
Valve 30-45 jum long by 11-18 jum wide;
striae 11-12 in 10 jum (Patrick and Reimer
1966:201). It was observed mainly from 270
to 180 cm. A single frustule was found from
75 cm. A maximum relative density of 3.4
percent was observed from 195 cm.
Eunotia suecica A. Cleve: Valve 27 jum
long by 9 jum wide; striae 14 in 10 jum. (Patrick and Reimer 1966:199). One specimen
was observed from 210 cm.
Eunotia valida Hustedt: Valve 57-70 jum
long by 5-6 jum wide; striae 12-14 in 10 jum
(Patrick and Reimer 1966:192). It was scattered in samples from 285 to 30 cm and was
also in the modern plankton. A maximum relative density of 5.2 percent was observed
from 210 cm.
Eunotia vanheurckii Patrick: Valve 35-38
jum long by 9-10 jum wide; striae 16-20 in 10
jum (Patrick and Reimer 1966:210). It was
scattered in lower samples from 345 to 195
cm. A few frustules were observed from 60
cm. A maximum relative density of 1.6 percent was observed from 195 cm.
Eunotia vanheurckii var. intermedia
(Krasske ex Hust.) Patrick: Valve 15-16 jum
long by 3-4 jum wide; striae 16 in 10 jum (Patrick and Reimer 1966:211). It was observed
in samples from 285 to 270 cm.
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2-3.5 jum wide; striae very

pediculus Ehrenberg: Valves
long by 17-21 jum wide; striae

Cocconeis

25-26
19-20

jixm

fxm (Patrick and Reimer
1966:240). Frustules were observed from 360
in

10

cm and from

150 to 135 cm. At 150

cm

fine.

(Hustedt

1930:198). Frustules were observed only from

270
sity

to 225 cm. The maximum
was 7.9 percent at 240 cm.

relative den-

it

Naviculaceae

constituted 2.2 percent of total diatom population.

Cocconeis placentula var. eugylpta (Ehr.)
13-26 jum long by 8-20 jum
wide; striae 19-24 in 10 jum (Patrick and Reimer 1966:241). It was observed from 180 to
90 cm. It had a maximum relative density of
4.8 percent from 150 cm. Two frustules were
additionally observed in the modern plankton
Cleve: Valve

sample.

Achnanthes biasolettiana Kiitzing: Valve
12-12.5 jum long by 4 jxm wide; striae 18 in
10 jLim (Hustedt 1930:199). A few frustules
were observed at 120 cm.
Achnanthes conspicua A. Mayer: Valve
7-8 jLtm long by 4 jum wide; striae 18 in 10
jum on raphe valve (Hustedt 1930:202). Frus-

were observed only from 270 cm, where
they constituted 1.4 percent of total diatom
tules

population.

Achnanthes delicatula Kiitzing: Valve
16-17 jum long by 5-5.5 jum wide; striae
15-17 in 10 jum on raphe valve (Hustedt
1930:202). Frustules were observed only from
240 cm, where they constituted 0.7 percent
of the total diatom population.
Achnanthes linearis f. curta H. L. Smith:
Valve about 10 jum long by 2.5-3.5 jum wide;
striae about 25 in 10 jum (Patrick and Reimer
1966:252). Fmstules were scattered in samples from 360 to 225 cm, 150 cm, 90 cm, and
The maximum

relative

density of 7.7 percent for this taxon

was ob-

the extant plankton.
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served from 255 and 240 cm.

Achnanthes linearis var. pusilla Grunow:
Valve 15-16 jum long by 3.5-5 jum wide;
striae 22-24 in 10 jum (Patrick and Reimer
1966:252). It was observed only from 360 to
225 cm. The maximum relative density of 9.1
percent was observed at 315 cm.
Achnanthes minutissima Kiitzing: Valve
9-11 jum long by 2.5 jum wide; striae very
fine (Hustedt 1930:198). Frustules were observed at 120 cm.

Achnanthes minutissima var. cryptocephala Grunow: Valve 13-18 jum long by

Mastogloia elliptica Agardh: Valve 25-38
by 10 jum wide; striae about 16 in 10
jum (Hustedt 1930:217). M. elliptica frustules
were rare in samples from 60 cm.
Frustulia rhomboides (Ehr.) de Toni:
Valve 120-125 jum long by 20-22 jum wide;
striae 20-25 in 10 jum (Patrick and Reimer,
1966:306). F. rhomboides frustules were scattered in the deeper section of the core from
360 cm to 165 cm. This taxon constituted 3.6
percent of the total diatom population from
300 cm.
jum long

Frustulia rhomboides var. capita (A. Mayer) Patrick:

Value 39-45 jum long by 10-11

jum wide; striae about 30 in 10 jum (Patrick

and Reimer 1966:307). Frustules of this taxon
were scattered throughout the core. A max-

imum relative density of 16.2 percent occurred in the surface sample.
Frustulia rhomboides var. crassinervia
(Breb. ex W. Sm.) Ross: Valve 45-46 jum long
by 10-10.5 jum wide; striae very fine, unresolvable (Patrick and Reimer 1966:307). It was
observed

in

cm and
A maximum fre-

samples from 180 to 15

also in the surface sample.

quency of 18.8 percent was from 90 cm.
Caloneis limosa (Kiitz.) Patrick: Valve
55-70 jum long by 10-12 jum wide; striae
16-20 in 10 jum (Patrick and Reimer
1966:587). One or two specimens of this taxon were observed from 360 cm.
Neidum bisulcatum (Lagerst.) Clave:
Valve 50-70 jum long by 9-12 jum wide;
striae 26-30 in 10 jum (Patrick and Reimer
1966:397). A few specimens of N. bisulcatum
were observed from 360 cm.
Neidium iridis (Ehr.) Cleve: Valve 50-80
jum long by 14-20 jum wide; striae about 20
in 10 jum (Patrick and Reimer 1966:386). It
was only in samples from the lower section of
the core (360 to 225 cm). A maximum relative density of 2 percent was observed in
samples from 360 cm.
Neidium iridis var. amphigomphus (Ehr.)
A. Mayer: Valve 45-122 jum long by 16-25
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wide; striae 16-18 in 10 jum (Patrick and
Reimer 1966:387). It was observed mainly
from the deeper section of the core (345 to
210 cm). A maximum relative density of 3.2
percent was observed from 240 cm. A few
frustules were from 30 cm, 15 cm, and the

wide; striae 14-15 in 10 jum (Patrick and Reimer 1966:359). It was observed from 330 to
285 cm and from 210 to 195 cm. This diatom

modern plankton sample.

Anomoeoneis costata (Kiitz.) Hustedt:
Valve 75 jum long by 25 jum wide; striae 16 in
10 jum (Patrick and Reimer 1966:376). Only
one or two specimens were observed from 90
cm.
Anomoeoneis serians var. acuta Hustedt:
Valve 29-40 jum long by 7.5-8 jum wide;
striae 26-28 in 10 jum (Patrick and Reimer
1966:378). This taxon was observed in extant
samples only where it constituted 4.6 percent
of the diatom population.
Anomoeoneis serians var. brachysira
(Breb. ex Kutz.) Hustedt: Valve 15-32 jum

jLim

Neidium

iridis

var.

ampliatum

(Ehr.)

Cleve: valve 35-85 jum long by 12-20
wide; striae about 20 in 10 jum (Patrick
Reimer 1966:388). It was observed from
and 315 cm where it constituted about

percent of the diatom population.
tules

were from 255 cm and

A few

/xm

and
330
3.5

frus-

in the extant

plankton.

Diploneis elliptica (Kiitz.) Cleve: Valve 37
long by 25 jum wide; costae 8-9 in 10 jitm;

jLim

alveoli in single row between costae (Patrick
and Reimer 1966:414). It was observed only
from 165 cm and 105 cm, where it occurred
as single specimens.

Diploneis interrupta (Kiitz.) Cleve: Valve
55 jum long by 8-9 ju,m wide; costae 8 in 10
jum (Patrick and Reimer 1966:416). A single
entire frustule was observed from 75 cm.
Diploneis smithii var. dilatata (M. Perag.)
Beyer: Valve 36-37 [xm long by 18-18.5 jum
wide; costae 10 in 10 jum; double row of alveoli between costae (Patrick and Reimer
1966:411). Frustules were observed only from
180 cm and 135 cm. The maximum relative
density of 1.2 percent was observed from 135
cm.
Stauroneis anceps Ehrenberg: Valve about
70 jum long by about 14 [xm wide; striae 18 in
10 jLim (Patrick and Reimer 1966:361). It was
observed mostly from 360 to 135 cm. The
maximum frequency of 1.6 percent was observed from 345 cm.
Stauroneis anceps f. gracilis Rabenhorst:
Valve to 67 ]u,m long by up to 14 /xm wide;
striae very
fine (Patrick and Reimer
1966:361). It was observed only in the deeper
section of the core (from 360 to 240 cm). It
constituted 0.9 percent of the diatom population from 315 cm and 240 cm.
Stauroneis kriegeri Patrick: Valve 12-23
jLim long by 3 jum wide; striae about 26-28 in
10 jLim (Patrick and Reimer 1966:362). Very
few specimens were observed only from the
upper core.
Stauroneis phoenicenteron (Nitz.) Ehrenberg: Valve 155-157 jum long by 25-26 jum

constituted
lation

1.2

percent of the total popu-

from 285 cm.

A

single frustule

was

in

the extant plankton.

long by 5-6.5 jum wide; striae 24-30 in 10 jum
(Patrick and Reimer 1966:379). Frustules
were abundant throughout the core. A maximum frequency of 16.4 percent was observed from 30 cm.

Anomoeoneis

vitrea

(Grun.) Ross: Valve

25-32 jum long by 5-6 jum wide;
finer

in

10

jum

(Patrick

1966:380). Frustules

striae

30 or

Reimer

and

were very common

in

deeper parts of the core (from 360 to 225
cm). This taxon constituted 3.2 percent of the

from 225 and 240 cm.
Navicula aikenensis Patrick: Valve 18-25
jum long by 5-6 /xm wide; striae about 16 in
10 /im (Patrick and Reimer 1966:473). It was
observed only from 360 to 225 cm. A maxflora

imum

relative density of 1.2 percent

was ob-

served from 285 cm.

Navicula angusta Grunow: Valve 55-62
/im long by 5-7 /im wide; striae 12-14 in 10
/im (Patrick and Reimer 1966:514).

served only from 285

225 cm.

A maximum

It

was ob-

cm and from 240 cm

to

relative density of 1.4

percent was observed from 285 cm.

Navicula hofleri Cholnoky: Valve 31-32
/im long

by 8-8.5 /im wide;

striae

very fine

(Hustedt 1961-1966:97). Frustules were scattered throughout the core.
tive density of 9.6

A maximum

rela-

percent was observed from

15 cm.

Navicula mutica Kiitzing: Valve 13-15 /xm
long by 5-6 /im wide; striae about 20 in 10
/xm (Patrick and Reimer 1966:454).

served from 195 to 45 cm.

It

was ob-

A maximum

rela-
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percent was observed from

135 cm.

Navicula mutica var. cohnii (Hilse) Grunow: Valve 14-15 jum long by 6-7 jum wide;
striae 16-18 in 10 jum (Patrick and Reimer
1966:454). It was observed rarely at 285 cm.
Navicular mutica var. undulata (Hilse)
Grunow: Valve 9-16 jum long by 5-7 jum
wide; striae 18-20 in 10 jum (Patrick and Reimer 1966:456). It was observed only at 240
cm and from 105 to 90 cm. Single fmstules
were observed at each level.
Navicula pelliculosa (Breb.) Hilse: Valve 6
jum long by 4 jum wide; striae very fine (Hustedt 1930:287). One specimen was observed
at 105 cm.
Navicula pseudoscutiformis Hustedt:
Valve 12-13 ju,m long by 10 /xm wide; striae

20-22
cm.

jum (Patrick and Reimer
was observed from 285 to 240

10

in

1966:451).

It

A maximum

relative density of 2 percent

was observed from 255 cm.
Navicula pupula var. rectangularis (Greg.)
Grunow: Valve 25-37 jum long by 8-9 ]um
wide; striae 20 in 10 jum (Patrick and Reimer
1966:497). Frustules were scattered from 360
to 90 cm and a few were observed from surface samples.

A maximum

relative density of

25

tules were observed rarely from 285-270 cm,
from 210 cm, and from 90 cm. A maximum
relative density of 0.6 percent was observed
from 90 cm.
Pinnularia abaujensis var. rostrata (Patr.)
Patrick: Valve 60-62 jum long by 11-12 jum
wide; striae to 14 in 10 jum (Patrick and Reimer 1966:614). Only one or two frustules
were observed from 270 cm.
Pinnularia biceps Greg.: Valve 39-71 jum
long by 8-10 jum wide; striae 10-15 in 10 jum
(Patrick and Reimer 1966:599). It was present throughout the core. A maximum relative
density of 20.4 percent was observed from
330 cm.
Pinnularia borealis Ehrenberg: Valve
32-44 jum long by 8.5-10 /xm wide; striae 5-6
in 10 jum (Patrick and Reimer 1966:618).
Frustules were observed from 210 cm and
from 150 to 45 cm. A maximum relative density of 2.4 percent was observed from 135
cm.
Pinnularia braunii (Grun.) Cleve: Valve
35-37 jum long by 8-9 jum wide; striae 12 in
10 jum (Patrick and Reimer 1966:594). It occurred only from 360 cm and 345 cm. A max-

imum

relative density of 1.7 percent

was ob-

served from 360 cm.

was observed from 345 cm.
Navicula radiosa Kiitzing: Valve 70-83
jLtm long by 10-12 jum wide; striae 12-13 in
10 jum (Patrick and Reimer 1966:509). It was
observed mostly in deeper samples (360 to
225 cm). A few frustules were scattered in
some of the upper and the extant samples. A
maximum frequency of 5.6 percent was observed from 270 cm.
Navicula subtilissima Cleve: Valve 20-28
jum long by 4-6 jum wide; striae very fine

Valve 42-75 jum long by 7-11 jum wide;
striae 8-14 in 10 jum (Patrick and Reimer
1966:614). A few specimens of P. brebissonii
were observed at 360 cm and 255 cm.
Pinnularia dactylus Ehrenberg: Valve
230-235 jum long by 28-30 jum wide; striae
4-5 in 10 jum (Patrick and Reimer 1966:632).
Single frustules were observed from 285 cm
to 255 cm only.

and Reimer 1966:483). Frustules

jum long by 15 jum wide; striae 12 in 10 jum

19.4 percent

(Patrick

were scattered throughout the core but primarily in the upper strata. A maximum relative density of 21 percent was observed from
150 cm.
Navicula longirostris Hustedt: Valve
18-19 jum long by 3-3.5 jum wide; striae very
fine (Hustedt 1930:285). Frustules occurred
only from 315 to 240 cm. A maximum relative density of 2.5 percent was observed at

315 and 285 cm.
Pinnularia abaujensis (Pant.) Ross: Valve
60 jum long by 12 jum wide; striae 13-14 in
10 jum (Patrick and Reimer 1966:612). Frus-

Pinnularia brebissonii

W.

Pinnularia divergens
(Hustedt 1930:323).

It

(Kiitz.)

Rabenhorst:

Smith: Valve 65

was observed

at

345

cm.
Pinnularia

gibba Ehrenberg: Valve
60-100 jum long by 10-12 jum wide; striae
8-12 in 10 jum (Hustedt 1930:327). Frustules
were observed from 360 to 210 cm. A maximum relative density of 3.2 percent was observed from 285 cm.
Pinnularia mesolepta

f.

angusta

Cleve:

Valve 26-60 jum long by about 5-7.5 jum
wide; striae 12-20 in 10 jum (Hustedt
1930:319). A few frustules were observed at
360 cm.
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Pinnularia microstauron (Ehr.) Cleve:
Valve 52-63 ]um long by 10-12 jum wide;
striae 9-13 in 10 jum (Patrick and Reimer
1966:597). It was observed in all strata. At 45
cm these frustules constituted 46 percent of
the total diatom population.
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Cymbellaceae
amphicephala

10 jLim (Hustedt 1930:322). Frustules were observed only from 360 and 345 cm. A maximum frequency of 0.5 percent was observed

Naeg.
ex
30-32 /xm long by 8-10 jum
wide; striae 14-16 in 10 jum (Patrick and Reimer 1975:33). Frustules were observed only
in deeper strata (from 360 cm to 195 cm). A
maximum frequency of 1.7 percent was observed from 360 cm.
Cymbella angustata (W. Sm.) Cleve:
Valve 35-43 jum long by 8-9 jum wide; striae
16-20 in 10 jum (Patrick and Reimer
1975:22). It was observed from 345 cm to
210 cm. A few faistules were also observed
from 165 cm and 30 cm. A maximum relative
density of 3.1 percent was observed from 315
cm.
Cymbella cuspidata Kiitzing: Valve 80-90
jum long by 22 jum wide; striae 13-14 in 10
jum (Patrick and Reimer 1975:39). Frustules
were observed only at 285 and 270 cm. Their
relative density was 0.5 percent.
Cymbella hebridica Grun. ex Cleve: Valve
28-35 ]um long by 7-8 jum wide; striae 11-16
in 10 jum (Patrick and Reimer 1975:30). It
was observed from 330 to 15 cm and in ex-

from 360 cm.

tant samples.

Pinnularia viridis (Nitzsch) Ehrenberg:
Valve 120-175 jum long by 21-30 jum wide;
striae 5-9 in 10 ju,m (Patrick and Reimer
1966:639). It was scattered in the deeper section of the core (from 360 to 210 cm only). A
maximum relative density of 7.4 percent was
observed from 210 cm.

14 percent

Pinnularia molaris Grunow: Valve 30 ]u,m
long by 7 ju,m wide; striae 14 in 10 jum (Hustedt 1930:316). A few frustules were observed in the extant plankton sample.

Pinnularia nobilis (Ehr.) Ehrenberg:
Valve 280-282 /xm long by about 30 jum
wide; striae to 7 in 10 jum (Patrick and Rei-

mer

1966:638). Single frustules of P. nobilis

were observed from 165 cm and 120 cm.
Pinnularia platycephala (Ehr.) Cleve:
Valve 77 jum long by 18 jum wide; striae 10 in
10 jum (Hustedt 1930:324).

was observed

at

A

single frustule

360 cm.

Pinnularia subsolaris (Grun.) Cleve:
Valve 75 jum long by 15 jum wide; striae 10 in

Pinnularia viridis var. commutata (Grun.)
Cleve: Valve 42-90 fim long by 9-17 fxm
wide; striae 9-14 in 10 jxm (Patrick and Rei-

mer

1966:640). It was observed at 360 cm.
Pinnularia viridis var. minor Cleve: Valve
85-100 jum long by about 18 jum wide; striae
8-9 in 10 nm (Patrick and Reimer 1966:641).
It was observed from 135 to 15 cm. A maximum relative density of 12.2 percent was
observed from 75 cm.
Pinnularia species 1: Valve 25-35 jum long
by 9-10 jum wide; striae 12-13 in 10 jum. It

Cymbella

Kiitzing: Valve

A maximum

relative density of

was observed from 165 cm.

Cymbella heteropleura var. subrostrata
Cleve: Valve 175-177 jum long by 45-47 jum
wide; striae 11-12 in 10 jum (Patrick and Rei-

mer

was observed from 315 to
195 cm. A maximum relative
density of 0.5 percent was observed from 285
cm.
255

1975:38).

cm and

It

at

Cymbella lunata W. Smith: Valve 35-55
by 5-8 jum wide; striae 10-14 in 10
fxm (Patrick and Reimer 1975:46). Frustules
were scattered from 360 to 60 cm and were
jum long

also

observed

in extant samples.

relative density of 10.2 percent

A maximum
was observed

from 345 cm.

was

Cymbella minuta Hilse ex Rabenhorst:
Valve 18-19 jum long by 5-7 jum wide; striae
12-14, becoming 18-19 in 10 jum (Patrick
and Reimer 1975:47). It was observed from
360 to 255 cm. A maximum relative density
of 9.1 percent was observed from 360 cm.

Pinnularia species 2: Valve 40 jum long by
10 jum wide; striae 12 in 10 jum; isolated
punctum in central area. A few frustules
were observed at 270 cm.

mer: Valve 23-24 jum long by 6-7 jum wide;
striae 12 in 10 jum (Patrick and Reimer
1975:49). It was scattered from 330 to 105
cm and was also observed in extant samples.

was scattered from 360

maximum

to 180

cm. At 360

relative density of 6.7 percent

cm

observed.

Cymbella minuta

f.

latens (Krasske) Rei-
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The maximum relative density
was observed from 180 cm.
Cymbella naviculiformis

al.:

Lily Lake Diatoms

of 2.4 percent

Heib.: Valve 40-42 jum long by 10-11 jitm
wide; striae 13-14 in 10 jum (Patrick and Reimer 1975:31). It was observed from 330 and

75 cm. The
maximum relative density of 6 percent was
observed from 330 cm and 135 cm.
Cymbella perpusilla A. Cleve: Valve 16

315 cm, 180 cm, and from 135

to

long by 4 jum wide; striae to 16 in 10 jum
(Hustedt 1930:361). Frustules were observed

jLim

cm to 225 cm and from 150
cm. The maximum relative density of 6.2
percent was observed from 150 cm.
Cymbella sinuata Gregory: Valve measurements not recorded (Patrick and Reimer
1975:51). One specimen was observed from
195 cm.
Cymbella turgida (Greg.) Cleve: Valve 52
jLim long by 12 jitm wide; striae 10 in 10 jum
(Hustedt 1930:358). One frustule was observed from 315 cm.
Amphora ovalis (Kiitz.) Kiitzing: Valve
33-40 jLtm long by 10-12 jum wide; striae 12
in 10 jum (Patrick and Reimer 1975:68). One
frustule was observed at each of four levels
and also in the extant plankton.
only from 300

GOMPHONEMACEAE

Gomphonema acuminatum Ehrenberg:
Valve 35-40 jum long by 7-8 ju.m wide; striae
12 in 10 JLtm (Patrick and Reimer 1975:112).
One frustule was observed at 270 cm.
Gomphonema affine Kiitzing: Valve 30
jum long by 7 jum wide; striae 14 in 10 jum
(Patrick and Reimer 1975:133). Only one or
two frustules were observed at 240 cm.
Gomphonema angustatum var. intermedia
Grunow: Valve 27 jum long by 8 jum wide;
striae 12 in 10 jum (Patrick and Reimer
1975:126). One specimen was observed from
135 cm.
Gomphonema apicatum Ehrenberg: Valve
35-36 jum long by 8 pun wide; striae 12-13 in
10 jum (Patrick and Reimer 1975:110). Fruswere observed only from 210 cm and
180 cm where their relative density was 0.4

tules

percent and 0.2 percent respectively.

Gomphonema
H.: Valve
striae

1975:131). Frustules were scattered from 345

cm
Auersw. ex

gracile Ehrenberg em. V.
40-42 jum long by 6.5-7 jum wide;

16 in 10 jum (Patrick and Reimer

27

to 165

cm.

of 0.7 percent

A maximum

relative density

was observed from 285 cm.

Gomphonema grunowii

Patrick: Valve

38

jum long by 7 jum wide; striae 12 in 10 jum
(Patrick and Reimer 1975:131). It was observed from 330 cm, 300 to 285 cm, and 210
cm. A maximum relative density of 0.5 percent was ob.se rved from 330 cm.

Gomphonema

olivaceum
(Lyngb.)
23-25 jum long by 6.5-7 jum
wide; striae 12 in 10 jum (Patrick and Reimer
1975:139). Frustules were observed from 360
cm, 315 cm, and 180 to 135 cm. The maximum relative density of 6.4 percent was observed from 150 cm.
Gomphonema parvulum (Kiitzing): Valve
29 jum long by 6 jum wide; striae 12 in 10 jum
(Patrick and Reimer 1975:122). Only one or
two frustules were observed at 270 cm.
Gomphonema subtile Ehrenberg: Valve
43-45 ]um long by 5 jum wide; striae 16 in 10
]um (Patrick and Reimer 1975:117). A few
specimens were observed from 270 cm.
Gomphonema truncatum var. capitatum
(Ehr.) Patrick: Valve 25-50 jum long by
10-15 jum wide; striae about 13 in 10 jum (Patrick and Reimer 1975:119). Frustules were
scattered between 330 and 195 cm and were
also found from 135 cm. The maximum relative density of 1.2 percent was observed from
195 cm. One frustule was in the extant plankKiitzing: Valve

ton.

Epithemiaceae
Denticula elegans f. valida Pedicino:
Valve 35-55 jum long by 5-10 jum wide; costae 3-4 in 10 jum; striae 5-6 between costae
(Patrick
frustules

and Reimer 1975:171). One or two
were observed from 180, 150, and

120 cm.

Rhopalodia gibba (Ehr.) O. Miiller: Valve
120-155 jum long by 7-8.5 jum wide; costae 7
in 10 jum; striae 1-2 between costae (Patrick
and Reimer 1975:189). One frustule was observed from 135 cm and three were observed
from 105 cm and 90 cm.
Rhopalodia gibberula var. protracta Grunow: Valve 40-60 jum long by 8-11 jum wide;
costae 3-4 in 10 jum; striae 14-16 in 10 jum
(Hustedt 1930:391). It was rare from 150,
135, 90, and 75 cm.
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1

and Reimer 1975:188). It was observed from
135 cm and 105 to 75 cm. At 105 cm the
maximum relative density of 1 percent was

was not possible.
resembles N. thennalis in general shape but
differs in shape of the poles. It also resembles
N. capitellata in general shape but the number of striae is different. It resembles N. angustata in shape but the striae in N. angus-

observed.

tata are

Epithemia turgida (Ehr.) Kiitzing: Valve
140-145 jum long by 18-20 ju,m wide; costae 4
in 10 jum; two rows of alveoli between costae

found from 360 cm, 5 from 150 cm, and 8
from 135 cm.
Hantzschia amphioxys f. capitata O.
Miiller: Valve 30-52 jum long by 7-10 jum
wide; keel punctae 8-10 in 10 jum; striae
about 20 in 10 ium (Hustedt 1930:394). Frustules were observed from 225 to 60 cm. At
135 cm they constituted 16.2 percent of the
diatom population.

Epithemia sorex Kiitzing: Valve 35-37 jum
long by 9-9.5 jum wide; costae 5 in 10 jum;
3-4 rows of alveoli between costae (Patrick

(Patrick and Reimer 1975:182). Frustules
were observed from 150 to 75 cm. A maximum relative density of 1.2 percent was observed from 120 cm.
Epithemia turgida var. westermannii
(Ehr.) Grunow: Valve 70-72 jtim long by 14
jLim wide; costae 4 in 10 /xm; two rows of alveoli between costae (Patrick and Reimer
1975:184). One frustule was observed from
165 cm.

Nitzschiaceae
Nitzschia dissipata (Kiitz.) Grunow: Valve
24 jum long by 3-4 jum wide; keel punctae
8-10 in 10 jLim; striae very fine (Hustedt
1930:412). A few frustules were observed at
120 cm.
Nitzschia fonticola Grunow: Valve 9-16
jum long by 3-3.5 /xm wide; keel punctae
12-14 in 10 ]um; striae very fine (Hustedt
1930:415). Frustules were observed from 345
to 210 cm. A few frustules were scattered at
165, 90, and 30 cm. The maximum relative
density of 6 percent was observed from 285
cm.
Nitzschia frustulum (Kiitz.) Grunow:
Valve 20-22 /xm long by 3-4 jum wide; keel
punctae 11-12 in 10 jum; striae 20 in 10 ju,m
(Hustedt 1930:415). It was only in deeper
strata from 360 to 225 cm. The maximum relative density of 7.3 percent was obtained
from 240 cm.
Nitzschia palea (Kiitz.) W. Smith: Valve
30-32 jLim long by 2.5-3 /xm wide; keel punctae

12 in 10

jLxm;

striae

1930:416). Frustules
to

90 cm,

at

15

very fine (Hustedt

were scattered from 345

cm and

in extant samples.

The maximum relative density of 5.2 percent
was observed from 180 and 15 cm.
Nitzschia species: Valve linear-lanceolate,
jLim long by 7-7.5 /xm wide; keel punc-

65-67

tae 8 in 10

jLim;

striae

20

in 10 jum. Specific

identification of this taxon
It

much

coarser.

One

frustule

was

SURIRELLACEAE

Cymatopleura solea (Breb.) W. Smith:
Valve 65-70 jum long by 10-15 /xm wide; costae 4-6 in 10 /tm; striae not clearly observed
(Hustedt 1930:425). Frustules were observed
at 285 cm.
Surirella ovalis Brebisson: Valve measurements not recorded (Hustedt 1930:441). One
frustule was observed at 120 cm.
Surirella
robusta Ehrenberg: Valve
120-145 /xm long by 40-65 /xm wide; costae
1-2 in 10 /xm; striae 8-12 in 10 /tm (Hustedt
1930:437). A few frustules were observed at
360 cm.
Distribution and

Abundance

The occurrence and abundance

of diatoms
27 samples taken from the core were determined. The highest counts were for nonplanktonic species, belonging mainly to the
genera Cymbelki, Pinnularia, Navicula, Gomphonema, and Eunotia. Planktonic forms encountered belonged mainly to the genera
in

Cyclotella, Melosira,
Fragilaria,
anodiscus and Tabellaria.

Steph-

The abundance of all taxa whose frequency
was four or more in any sample is shown in
Figure

2.

This figure

is

tonic taxa on the right

prepared with plank-

and periphytic taxa on
the left. The three most abundant species by
far in this study were Navicula subtilissima,
Pinnularia microstauron, and Tabellaria fenestrata. Anomoeoneis serians var. brachysira,
Cymbella hebridica, Cymbelki lunata, Fragi-
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Fig. 2. Percent frequency of individual diatom taxa according to sediment depth. Euplankters are listed at the top
of the figure. Scale of frequency width

is

shown on the bottom

right.
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viris-

rhomhoides var. capitata, Pinnularia biceps, and Tabellaria fenestrata
were also common, though their populations
fluctuated greatly in samples at different
depths. Species of Eunotia were important
from 210 to 120 cm and from 60 to 15 cm.
cens, Fntstidia

and Fragiwere predominent from 360 to
165 cm and then dropped out suddenly. Frus-

Fragilaria construens var. venter
laria virescens

tulia rhomhoides var. crassinervia, Hantzchia
amphioxys f. capitata, Navicula mutica, N.
subtillissima, and Pinnularia viridis var. minor showed sudden peaks between 150 and
75 cm. Navicula pupula var. rectangularis
appeared in great numbers from 360 cm to
330 cm, and Pinnularia microstauron was
prevalent from 60 cm to 30 cm.

Our analysis of 26 samples clustered into
two major groups (Fig. 5), one composed primarily of the deeper sediment samples
(Group I = sample 2 through 14 with the exception of sample 12 and two modern samples) and the other of more recent samples.
The former is internally more similar and
clusters above the 20 percent similarity level,
and the latter clustered at the 13.5 percent
level. Each of these major groups is in turn
composed of two subgroups (Fig. 5).
Subgroup A is a time (= depth) discreet
unit of the deepest sediments (samples 2-10).

The diatoms which characterize and are
dominant

tangularis, Nitzschia fonticola,

sample depth was plotted against depth
(Table

1) to

provide a graphic representation

of floristic changes through time (Fig. 3).

number

The

of taxa encountered per sample var-

was maximum at 285 cm and min30 cm. In the deeper samples (360
to 285 cm) the number of taxa observed was
elevated and a more or less continuous decrease to the present was evident. Some deviation from this trend could be observed
ied but

imum

Anomoeoneis

linearis

f.

curta.

the ecological preferences of these and

common

here are examined, an
The aquatic environment through the depositional period of
this subgroup must have been no more acid
interesting pattern emerges.

than circumneutral
kaline.

The

lake

or,

more

likely, rather al-

likewise appears to have

been oligotrophic to mesotrophic.
Subgroup B does not represent a discreet

at

cm

from the 180 to 135
Species

diversity

for

the

diatom

shallower (more recent) samples.

Cluster Analysis of Samples
results of the cluster analysis of

sam-

dendogram (Fig. 5),
between any two samples

ples are presented in a

with the similarity
expressed as the height of horizontal lines
joining them. The degrees of similarity are
given as percentages (similarity coefficient of
Ruzicka, 1958) on the left hand scale. Table 2
lists species important in the formation of
clusters.

Table 1. Number of diatom species encountered and
Shannon-Weaver species diversity index for each sample
studied.

depths.

values

population are given in Table 1. Species diversity was plotted against depth to provide
a graphic representation of diversity change
through time (Fig. 4). Diversity values were
higher in deeper (earlier) samples than in the

The

and Achnanthes

other species

of taxa occurring at each

subgroup include Pinnularia

schia frustulum, Navicula pupula var. rec-

When
The number

in this

biceps, Fragilaria construens var. venter, Nitz-

vitrea,

Species Diversity
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time unit of sediments. It is composed essentially of midcore samples admixed with our
two modern samples. The diatoms which
characterize this subgroup include Tabellaria
fenestrata, Frustulia rhomboides var. capitata, Eunotia curvata, Anomoeoneis serians
var. acuta and, Eunotia serra var. diadenia.
These organisms and others present in this
subgroup indicate that the environment in
the lake changed from oligo-mesotrophic and
alkaline toward dystrophy during the time of
deposition of sediments around the 210-225
cm level from the present lake surface. However, this must have also been a time of some
environmental disturbance due to the rather
low level of clustering in subgroup B and due
to the mixed nature of the subgroup.

Vol. 39, No.

C

Subgroup

is

a time discreet unit from

more recent sediments.

the

1

It is

characterized

by Navictila mutica, Frustulia rhomboides,
Hantzschia amphioxys f. capitata, Fragilaria
brevistriata var. inflata, and Pinnularia borealis. These organisms, together with others
common here, indicate circumneutral to
somewhat acidic conditions. The lake apparently was less dystrophic than during the
short depositional interval above the 225 cm
level. Such conditions prevailed for a reasonably long depositional period (at least 150
cm).

Subsequently a

new

depositional environ-

ment evolved which was most

similar to that

of deposition of subgroup B. Thus, subgroup

D

is

characterized by

many

species

which

60_
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Fig. 3.

Number

of diatom species in relation to sediment depth.

r

= 0.602, which

is

significant at the 0.01 level.

'

I
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conditions.

Dehneating species of this subgroup include
Eunotia exigua, Eunotia lapponica, Eunotia
valida, Pinnularia microstauron, and Pinnuseems clear that
four major depositional periods occurred in
this information,

Lake.

The

first

was characterized by

alkaline oligotrophic to mesotro-

phic conditions and lasted through about 135
cm of deposition. The second can be charac-

by increasingly acidic waters, and
from
roughly 225 cm to 150 cm. However, this peterized

laria viridis.

From

Lily

somewhat

33

it

lasted through a period of deposition
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significant at the 0.01 level.

for

diatom populations

in relation to

sediment depth.

r

= 0.754, which
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riod was not as homogenous as the others,
and depositional environments apparently
fluctuated and eventually disrupted the development of acidic conditions. This disturbance intermpted the development of strictly
dytrophic conditions and apparently shifted
the system toward a new period of circumneutral mesotrophic (?) conditions. Recent
conditions in the lake were again less stable
but appear to be returning to a more acidic,

dystrophic state. This could explain

why

Prevalent Species and Cluster Analysis

A

our

Clusters (subgroups) as delineated on Figure

of species encountered in this study

cies according to preference for similar environmental and/or habitat conditions. Three

er sediments (in subgroup B).

2.

list

and identified as prevalents is given in Table
3. Prevalent species were selected based
upon their occurrence in 30 percent or more
of the samples. These species were subjected
to niche breadth and niche overlap analyses
(Colwell and Fatuyma 1971; Table 3). Species were then clustered based upon niche
overlap values (Cody 1974). This analysis
represents an attempt to group diatom spe-

surface samples clustered with those of deep-

Table

5.

The prominent

species responsible for the uniqueness of

subgroups are shown.
Cluster subgroups (Fig. 5)

Species

A
Pinnularia biceps
Fragilaria construens var. venter

Achnanthes linearis f. curta
Anomoeoneis vitrea
Cymbella lunata
Navictila pupula var. rectangularis
Cymbella minuta
Nitzschia fonticola
Fragilaria virescens

Achnanthes

linearis var. pusilla

Pinnularia species

1

Navictila radiosa

Nitzschia frustulum

Cymbella angustata
Pinnularia species 2

Achnanthes minutissima var. cryptocephala
Neidium iridis var. amphigomphus
Tabellaria fenestrata

Navicula subtilissima
Frustulia rhomboides var. capitata
Eunotia curvata
Anomoeoneis serians var. acuta
Eunotia serra var. didyma
Arumioeoneis serians var. brachysira
Pinnularia microstauron
Cymbella hebredica
Eunotia lapponica
Tabellaria flocculosa

Eunotia valida
Eunotia exigua
Pinnularia viridis
Pinnularia viridis var. minor

Navicula mutica
Frustulia rhomboides
Nitzschia palea

Hantzschia amphioxys
Pinnularia borealis

f.

capitata

Fragilaria brevistriata var. inflata
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Table 3. List of 45 species occurring in 30 percent or
more of the samples. Relative niche breadth and niche
overlap values are reported for

all species.
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some diatom taxa which are not well discussed in the literature. For example, Anomoeoneis vitrea and Nitzschia fnistulwn var.
perminuta cluster at .94 niche overlap. Such
of

a high overlap value (on a scale of 0.0- LO)
indicates that their niches are highly similar.

This should indicate that these two diatoms
have similar ecological requirements. The
same type of information can be obtained for

37

several other species pairs as illustrated in

Figure

6.

pH

and Saprobien Spectra

The percent sum frequency
liphilous,

pH

indifferent,

taxa present at each level

calculated.

Taxa used

of

alka-

and acidophilous
of deposition was

in this analysis are list-

Nicha Ovarlap Batwaan Spacias

fruftulum var. pvrminuli
Nilitchio fonticula

ed
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in

4. The percent sum frequency of
was plotted against depth to pro-

Table

these taxa

vide a graphic representation of pH preference changes of the diatom populations

through time

(Fig.

7).

Alkaliphilous species

two highs. The first is in the
earliest sediments and the second occurs approximately from 180 cm to 60 cm (Fig. 7).

show

essentially

Acidophilous species increased through the
early history of the lake, eventually displacing the alkaliphilous forms. However,
acidophilous species decreased drastically
betwen 180 and 150 cm and continued in relatively low levels until about 60 cm, where
they again became prominent and remained
so to the surface.

Similarly a graph of percent sum frequency of the taxa indicative of different saprobien conditions was plotted against depth
(Table 4; Fig. 8). It appears from the graph
that the number of mesosaprobic species has
gradually increased through time while the
number of oligosaprobic and saproxenous
species has decreased. This provides general
evidence for an early oligo-mesotrophic system that has become increasingly dystrophic

through time. The two cycles previously suggested for the system with a period of disturbance can also be inferred from Figure 8.

General Discussion
Pleistocene glaciation of the Uinta

Moun-

been thoroughly investigated
(but see Atwood 1905, Hansen 1969). Therefore chronological information on distinct

tains has not

Pleistocene glacial advances

is

not available.

However, Richmond (1965) has given an

ex-

cellent chronological account of Pleistocene

glaciation of the

Rocky Mountains. Accord-

ing to his observations Pleistocene glaciation
consisted of Pre-BuU

Lake

Lake

glaciation.

glaciation, Pinedale glaciation,

Various C'^

Bull

and

recorded
from the Rocky Mountain region on Bull
Lake glacial deposits range from 42,000 to
25,000 years B.P.; those of Pinedale deposits
range from 25,000 to 11,300 years B.P. Deposits of two minor glacial advances have
Neoglaciation.

formed

dates

Rocky Mounend of the altithermal interval,

in the cirques of the

tains since the

which together represent the Neoglaciation.
Alluviation during the Temple Lake Stade

Table

4.

List of species

encountered

in this

known pH and/or spaprobien condition
Columns designate

physiological

(see the footnote at the

end

response

of the table).

study with

preferences.

syndromes
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resulted in two depositional units separated
by a minor erosional unconformity. C'^ dates
suggest deposition of the lower unit between
about 3,100 and 1,800 years B.P. and deposition of the upper unit between about 1,800
and 1,000 years B.P. The younger advances
of Neoglaciation represent the Gannett Peak
Stade. Historic records show that the glaciers
abutted the moraines of the Gannet Peak
Stade as recently as about 1850, and this moraine was very extensive. According to Richmond's observations (1965) the mean summer

temperature during late Pleistocene glacial
maxima was about 16 F (8 C) colder than at
present in the southern Rocky Mountains and
17.5 F (9 C) colder in the northern Rocky
Mountains. Winter temperatures then were

much

the same as at present.

Similarly Martin (1963) has studied pollen

stratigraphy

from desert regions of south-

western North America. Based on changes in
pollen composition through time, he discussed climatic changes over the last 10,000
years. He inferred three major features of
postpluvial climatic history of southwestern
America: an initial arid period climatically
equivalent to the present and dating
8,000-10,500 years B.P.; a less arid interval
with an intensified monsoon rainfall, the climate perhaps no warmer but wetter than at
present and corresponding in time to the

tions,

41

they concluded that glacial advances
were nearly synchronous with

and

retreats

rises

and

falls

of these lakes.

It is difficult

to use such studies as these to

infer paleoclimatic conditions at Lily Lake.

However, it seems likely that this lake was
formed during the last major glacial retreat
in the Uinta Mountains (Atwood 1909). A
glacier at that time apparently scoured an extant lake basin or formed a new basin which
became Lily Lake. This likely occurred
12,000-10,000 years B.P. corresponding to
end of Pinedale glaciation (Richmond

the

1965) and the retreat of Lake Bonneville.
This assumption is made since Lily Lake is at
sufficient elevation

and

position to be scoured

in a

is

geographical

by each new major

and it appears that the last
major Uinta Mountain glaciation corresponds
glacial advance,

Rocky MounLake
Lake) have not been

to Pinedale glacial times in the
tains.

Likewise,

in

rises

Bonneville (Great Salt

elevation of

prominent during the past 10,000 years.
If deposition was uniform throughout the
history of Lily Lake, the period of disturb-

ance noted in the core around 225-150 cm
(Table 5) lies between approximately
8,000-4,000 years B.P. This corresponds to
zone III of Martin (1963), which was characterized

by

intensified rainfall. This tends to

the seasonal distribution of rainfall)

support our hypothesis that increased precipitation and consequent flushing of Lily Lake
interrupted the development of strictly dystrophic conditions that began at about the
225 cm level, causing a return to oligo-

from 4,000 B.P. to the present.
Morrisson and Frye (1965) studied shore
line changes of Lake Bonneville and Lake
Lahonton. Based on these and other observa-

mesotrophic conditions.
Table 5 summarizes the results of four
analyses of the diatom data from our core. In
all cases the disturbance zone is evident.

classic "altithermal" of

and

4,000 to 8,000 years

an arid period closely resembling present conditions (with one possible
B.P.;

shift in

finally

lasting

Table 5. Summary of results of different analyses in reference
The lake stages shown on the left were identified via floristic

to

diatom

data.

floral

changes

in Lily

The sediment depth

the peat through which the lake stages were extant according to each analysis technique.
Identified

Lake Stages

Lake with core depth.

figures represent depths of
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